ABSTRACT
INTRODUCTION
Drought costs an estimated $6 billion-$8 billion annually in the U.S. (NOAA and WGA 2004) . Theory and experience suggest that drought planning can help to reduce drought impacts Wilhite 1987; Wilhite et al. 2000 Wilhite et al. , 2005 Shepherd 1998 ).
While no state had a formal drought plan during the drought of 1976-1977, nearly all states now have drought plans and larger drought programs (NDMC 2007) . Drought programs typically include activities and resources for drought preparedness and response, such as drought plans, monitoring networks, and communication and response strategies. Drought plans, in turn, describe how these actions will be implemented before, during, and after a drought. Despite the significant costs of drought, and the widespread reliance on drought plans, relatively little prior work has systematically assessed these plans or larger programs. This study addresses this need, with a focus on the western U.S.
The importance of drought programs is emphasized by the National Integrated Drought
Information System (NIDIS), an initiative led by the Western Governors' Association (WGA) and the National Oceanic and Atmospheric Administration (NOAA). The vision of NIDIS is to provide water users and decision-makers, at all levels, with "decision support tools needed to better prepare for and mitigate the effects of drought" (NOAA and WGA 2004) . In this study, we investigate drought programs in each of the WGA states (Figure 1 ), catalogue the components and structure of the drought programs and Natural Hazards Review. Submitted accepted September 13, 2012; posted ahead of print September 17, 2012 . doi:10.1061 NH.1527-6996.0000094 Copyright 2012 by the American Society of Civil Engineers Nat. Hazards Rev. Downloaded from ascelibrary.org by University of California, San Diego on 07/08/13. Copyright ASCE. For personal use only; all rights reserved. M a n u s c r i p t
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plans, and identify factors that officials believe make them effective. Results offer insights and information to help improve drought planning and reduce drought impacts.
DROUGHT PROGRAM COMPONENTS REVIEWED IN THE WESTERN STATES
To assess drought programs, we reviewed all available drought plans from the 19 WGA states, and conducted in-depth semi-structured interviews with state drought officials. We asked drought officials to describe the activities and resources of their drought programs, and the implementation of their drought plans. We also asked about specific components of the programs and plans, and their activities before, during, and after a drought.
Finally, we asked each official to identify the factors that make a drought program effective, and to provide general recommendations for other states. The interview protocol is provided on the National Drought Mitigation Center (NDMC) website <http://drought.unl.edu/>.
We identified a set of primary drought program components, based on a review and synthesis of the literature, in addition to the authors' experience with state drought planning (e.g., Hayes et al. 2004; Knutson et al. 1998; NDMC 2007; Shepherd 1998; Steinemann and Cavalcanti 2006; Wilhite 1987; Wilhite et al. 2000 Wilhite et al. , 2005 Wilhite and Knutson 2005) . These seven components, described in the following section, cover the following: drought plans, monitoring, declaration and response, communication and coordination, post-drought assessment, impact and risk assessment, and mitigation. We Natural Hazards Review. Submitted accepted September 13, 2012; posted ahead of print September 17, 2012 . doi:10.1061 /(ASCE)NH.1527 Copyright 2012 by the American Society of Civil Engineers Nat. Hazards Rev. Downloaded from ascelibrary.org by University of California, San Diego on 07/08/13. Copyright ASCE. For personal use only; all rights reserved. M a n u s c r i p t
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examined the extent to which states addressed these components in their drought programs and plans, the resources that were allocated to drought, the activities that were performed, and the self-reported factors that influence drought program effectiveness.
ASSESSMENT OF DROUGHT PROGRAMS IN THE WESTERN STATES
In the following sections, we examine the efforts and progress in drought programs in each of the 19 WGA states. Results are summarized below, with full details provided on the National Drought Mitigation Center (NDMC) website <http://drought.unl.edu/>.
Drought Plans
Drought plans are documents that guide decision-making before, during, and after a drought. They typically specify drought stages, indicators, triggers, and responses. We identified the states that have drought plans, examined the contents of the plans, and determined the actual use of the plans within state drought programs.
We examined all WGA state drought plans that were available. 
Post-Drought Assessment
Through post-drought assessments, states can examine the effectiveness of their drought monitoring and response efforts, and make improvements to their drought programs and plans. Post-drought assessments can also be used to prioritize mitigation strategies based on the most recent drought impacts. We identified the states that perform post-drought assessments, and the ways they use assessments for drought preparedness. 
Impact and Risk Assessment
Assessing drought impacts enables states to identify vulnerable sectors and regions, allocate resources to reduce impacts, and prioritize mitigation activities to reduce risk during future droughts. We examined the activities taken by states to assess impacts and risks, and to reduce overall vulnerability. M a n u s c r i p t
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impacts to simulated drought designations. Kansas and Colorado have both performed studies to identify the most vulnerable municipal and industrial water supply systems in order to prioritize state assistance. California requires public water providers to assess drought vulnerabilities whenever changes are made to water management plans. In these assessments, local officials evaluate factors that contribute to short-term and long-term drought vulnerability and identify future planned actions.
Mitigation
Mitigation refers to the range of activities, taken in advance, to reduce the effects of drought. We identified states that have incorporated mitigation activities into their drought programs and plans, and that have taken actions to reduce long-term 
DROUGHT PROGRAMS AND EFFECTIVENESS
In this section, we provide results on the factors that contribute to drought program effectiveness, as identified by state drought officials. Specifically, state officials were asked to identify the factors that are "essential" for an effective drought program. These findings are summarized below, by program component, and by frequency of mention:
Drought Plans
Update drought plans to reflect current procedures.
Ensure drought plans include all drought related responsibilities for each state agency.
Record previous drought impacts in the drought plan to create a useful record for future droughts.
Revise drought plans using findings from post-drought assessments.
Monitoring
Conduct regular (monthly) monitoring committee meetings to foster a team atmosphere and gain experience.
Include decision makers in monitoring committee meetings so technical experts understand what information is needed by decision makers.
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Develop a good monitoring system (appropriate data and tools).
Use regionally specific and well-defined indicators and triggers.
Leave some flexibility in designation of drought stages.
Be consistent in assessment and communication of drought.
Document drought impacts early.
Declaration and Response
Take specific needs of different sectors into account when making decisions.
Use professional judgment when interpreting drought triggers.
Have multiple response stages.
Have clearly defined actions for sectors and local communities that correspond with drought declaration stages.
Create a schedule for all response actions.
Communication and Coordination
Engage stakeholders as much as possible to empower local governments with ownership of drought mitigation and response.
Include local entities in drought assessment and response processes.
Include local entities in mitigation programs.
Have good communication of drought status and appropriate response actions.
Encourage local governments to develop their own drought plans.
Post-Drought Assessment
Review the plan after each drought episode and revise as necessary.
Impact and Risk Assessment
Conduct site visits to familiarize the drought committee with vulnerable areas. Support water system interconnections to reduce vulnerability by enabling water to be moved from areas with surplus to areas with deficits.
Encourage jurisdictions to consider water availability when evaluating growth and development.
Other
Have a full time drought coordinator, and in a strong leadership position.
Have a diverse executive drought planning group.
Have a dedicated source of drought funding.
Have a thorough understanding of local water supply systems and demands. 
CONCLUSIONS

